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INTRODUCTION 

Fin  iifiirlv  lui'iiu  vr.iis  ihr  I  aluiiatui \  Ims hrrn 
iulrirunl  in  mg, mil  in.ilmg  |ii < ililt  ius  .isstxialril 
kvilli  i hr  Intlk  slm.igr  ul  httliut .iiImiii  lurls  (ll. 
t  'mil  thf  mill-  l!l!MI\  m.ijm  ittii’i rsi  h.is  trimiril 
ii | u in  ihr  un  it  Im  hrlln  l\ | it  s  ul  lining  m.ilt  ii.iK 
I <n  l,n gr.  mnlrigtuiiml  tumult'  ItirLsiuiagr 
l, inks,  .im)  sliglu  .iiirntimi  tins  tliinirtl  inw.utl 
lining!  lot  sirrl  i.mks.  linnet  cl,  in  irirui  vr.iis 
ill**  ath.mi.igrs  ul  lining  sltrl  tanks  li.itr  turn 
if'tugm/til.  .mil  nmsiilriahlr  rllmi  has  hrrn 
ill, tilt*  lu  ili’kt  lu|i  mhIi  lining!  r.'.Mi. 

rill-  rnMIUUIIIt'lll  Ulllllll  ,1  1,11  gf  lutl-slul.lgr 
lank  i!  |>,ii  I  it  iil.u  h  srtrtr  lui  mg, mu  tuaiiug 
ni.ilt'i i.iK.  Situ tl  ilir  lank!  air  ,ilmu!i  alw.ns 
tilled  nil  li  Miinr  ivpr  ul  lit|iiitl.  thru-  i!  a  tun 
Mam  irnilrm \  lui  ilir  mg, mi,  iiiairual  tu  hr 
|H*lirlMlrtl  ami  Millruril,  ui  tlissultril,  Musi 
nigiUiti  lining!  air  rspusrtl  nt  ilurr  tlillrtnu 
It |h‘!  u|  !u|tu|tiii  aliat k.iliphaiit  Ituliui ailiuii., 
iinmiiilit  littltnrai'hnns,  ami  at|uruu!  sulniimi!. 
Muir  ihr  lining!  air  lliiii.  air  mri  a  Mrrl  suh- 
Miilatr  uliitli  is  Mihjrtl  lu  tuunsimi,  anil  atr 
rst|H>i Ini  In  mil, nil  iiii.nl  lui  lung  st’lii  r  |hiiimIv 
llirir  air  lew  Itprs  ul  uigatiii  matings  ninth  arc 
Miiiahlr  lui  this  a|i|>lit  ahull.  Kr.isl.mir  lu 
hiulugiial  allatk  also  is  a  Irijilliruinii  u|  lining! 
ul  tank.!  m  mam  .liras 

sm  I’lnhli  (H  i  "  1  Ml»  I  \  I  Ml  »  n  *  Ml  lill|  II. I‘ |!  m  Mill  UiM 

*f|itul  ttttli  «MI  I  In  tit  l!  Mil'iiinli*'"  M.IUIISI  Mjn  slllmiint  tl 

|flt»  ‘ill.  |*H»| 
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POLYURETHANE  COATINGS  FOR 
IMMERSED  STEEL 

Itn.uivr  ul  llirii  r!i  rpliuu.il  ( llt'Mili  .ll  trstsl 
.iinr. uni  Imightli!!,  it  him  ill  I  ,ip|x.u  llial  ailrl- 
tune  |il.nc  lui  |x,huirth.mrs  shunt, I  In  luttittlm 
lank  lining  ,i|»|ih( aiiuiis  I  Mil.  Iluursrt,  ninsi 
I, il  gr  l.niks  mllril  m Mtir  untri.  and  in  tilt-  hul 
Iuiii  .liras  |M»hiurth,inr  lining!  hatr  rsltihilrtl 
.1  |n*l!l!lrltl  IrlnlriK!  lu  hlislri  Elgltlr  I  shims 
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llir  In  lilt  mi  III  Sill  li  ,t  Mills  mill  (hr  hlisleiuig  nil  li  li 
ih i  iii ml  iliii Hi};  (I  imiiiilis  scuiir,  On  dir  wall 
areas  wlu<  It  air  cx|»osrd  in  furls  only,  die  |mlv- 
ilirdiaiir  linings  have  remained  in  peilril  mil 
(Ilium  Ini  vrais  and  appear  in  hr  I  hr  easiest  In 
i  Iran  ut  any  inalriials  used  in  this  application. 

Polyurethane  matings  air  nimr  nmi|ilr\  than 
most  other  ty|ies  ill  lining  m.uriials  Ih-i.iiisc 
ol  (lie  extensive  and  various  lead  inns  whirl) 
nrrur  as  ihrv  hum  Pciause  of  this,  (hr  prob- 
Irm  of  determining  the  rxiiri  nirrhaiiisni  In 
wliiih  hlisiris  develop  under  ihe  matings  is  pal  - 
lit  nl.it tv  rtillii  till .  and  any  of  a  uuinliri  of  phvsii  al 
oi  ihs'iniial  liiiumstamcs  muld  mitiair  die 
hlisiri  loniiaiion.  Some  variahlrs  suspected 
ol  Inning  a  mlr  in  die  blistering  ol  |mi|vmic- 
ihanr  lank  linings  have  lieen  invrsligaird  in- 
dividmillv,  and  sonir  peculiar  anomalies  have 
Ih-cii  distovrird.  l-oi  iiisiauir,  pnhorrdiancs 
grnrially  iripiiir  lougri  limes  Ini  lilisin  dr- 
vrlo|mirin  in  wain  ai  I  .‘MIT  than  ai  7r>“l-,  and 
dir  hlisiris  are  larger  in  ihe  mulct  inrdinm. 
Also,  i oi msioii  lK-nradi  iitipignirnn'd  polvmc- 
lhaurs  im  teases  with  increasing  him  iliitkncss 
when  the  dialings  air  applied  lomi  csler-arn- 
maiii  solveiil  systems.  and  det leases  with  in- 
i  leasing  him  lliirkuess  when  the  matings  an- 
applied  1 1 1 in i  lull. He'd  snhenis.  I  he  elleiis  ol 
difleiem  variahlrs  ti|>oii  hlisleiing  and  lonosion 
ol  steel- |Milvurediane  systems  are  deserilied  in 
die  hollowing  paragraphs. 

IMMERSION  CONDITIONS 

A  typical,  pigmeiiird  |Kilvurelhaue,  prodmed 
fmin  die  addin!  ol  lolnene  diisot vauaie  will) 
li imeihylnlpiopaiie  and  polycslcr.  was  applied 
lo  sandblasted.  wash-primed  sieel  panels,  Idcn- 
l it  al  panels  were  eonsiantly  immersed  iir  lap 
water  ai  two  dillcrcnt  lem|K-ralines  lor  20  weeks. 
In  Tahir  I,  and  sulist'ipu-nily.  the  hlisierings 
which  imcii rred  are  compared  In  use  of  ASTM 
Phntographii  Kelereme  Standard  <  liu-ria  (Fig.  2). 
Hlislei  sices  are  rated  anon  ling  to  die  iimiicru.il 
si  ale  l.oui  0  tor  (Oliiplele  him  l.iilme  li  No.  10  lo; 
no  hlisleiing.  blister  densiiies  an-  i.ilcil  In  alibi  r- 
vialions  as  follows:  I.  lot  lew,  m.  foi  medium, 
in.  d.  for  medium  dense,  and  d.  loi  dense.  I  his 
immersion  series  was  n-pcatcd  seu-ial  limes 
tvidi  the  consistent  result  that  hot  wain  was 


l  Mu  r  I 

I  he  Filed  ol  V\'atei  Temper. lime  II|h>ii 
I'olviiieih.ine  Film  IVrloi  maiH  e. 

In  Imuiersiou 


Iiiiiiic  isiim 
lempei.ume 

("M 

IniilieiMMii 

rune 

(weeks) 

ASTM 

lilister  Rating 

75 

20 

No.  2- No.  0 

in 

ISO 

20 

No.  10 

(no  blistering) 

1-K  >  I  III - ello  Is  ul  iiniiii-tsiifii  lriii|K-UIIUM-  | MU)  i|m- 
|M’i  hit  m. im  <•  ill  in c*l li.nir*  Mhiliri^s  on  »ln*l 


less  deli  imental  to  ihe  coalings  than  water  at 
.room  temperatures. 

STEEL  SURFACE  PREPARATION 

I  lu-  nature  ol  the  meiallii  sui  lacc  to  which  a 
|m>Iviii ethane  loating  is  applied  lias  a  consider¬ 
able  riled  u  |m  in  die  iiuiiiersiou  itcrl'ormancr 
ul  the  lesnliaiit  system.  Itlisieiiug  of  ilu- coating 
anil  iiiiiosion  ol  die  metallic  surface  may  be 
varied  Ih’Iwccii  mmplclc  failure  ami  long-term 
diuahilitv,  as  illustrated  in  Fig.  :i.  I  he  panel 
in  the  upper  lefi  (a)  exhibits  slight  corrosion 
ol  <i  < old -i oiled  sicel  slid. lie  ol  lid  lo  50  (tin. 
toughness  iiiulei  .hi  uiipigmenied  |h»Ivui ethane, 
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••iH  3  111*'  Will  I*  lit  V.IIKHIS  Slf  1*1  Mil  I  c|f  4*  Hl(|  Ml. II  ll  MIN  Oil 

HilliHtvnMt  |Kf toiiiMiHis  nt  Iiiiiti.im  Mulm^v  (a)  Ur.ii 
tirrlli.tm*  hi*  mt(f  intkit  *l*i'|;  (h*  (&*,n  tifiili.iiir  on  liylilK 
groiHti)  MitI;  <t)  hgimtilcil  im-thatM*  on  n.uhUiI.immI  vurl; 
(lit  iihiImih*  on  .tfutiiiiitim  nni,ih/nl  %trrl  uitli 

mini  wH  Instil 

resulting  I  mill  3  month's  tmntctsinu  m  wain 
Tin*  mating  on  tin-  panel  on  the  tippet  tight 
(l»)  was  idcniM.il.  (ml  I  hr  steel  smlatr  was  gtu-n 
;i  IS  lo  20  j*itt.  grind  hefnrc  lltc*  muling  was 
applied  dillerriK e  in  visihlr  aoiinsinn 

inay  Ite  tin*  result  of  the  mliemil  iesisl.nn  i  s  ol 
I  lie  I  Hi  i  ivfH-s  ol  sled  Mill, ms;  Imunri,  it  is 


upputent  lliat  llie  muting  on  the  gloiiml  siittan 
Itas  .ilia us i  i I  . 1 1 1 in ast  total  i ot i ustf itt  of  tin  sob 
sit, III 

Mir  panel  in  the  Itnrct  hit  iimirt  tit  teas 
sandblasted  o\et  its  etnite  stttlaie,  anal  the 
Itil  hall  ail  the  sin  I, tie  was  Healed  with  | 

S  i  lisllll  1 1  \  1 .1 1- j  l)  la  as  |  ilia  >Ma  ,11  it!  wash  plltllel  |  XSil- 
I’  15.'i28lii.  A  pigmented  |mhmcthunc  mating 
ststeiii  was  then  applied,  and  the  panel  was 
innneised  in  watet  hit  li  tuoiillts.  Iheie  is  a 
i  leatlv  risible  ilrmai.  .ilioii  line  lictwecn  the 
halves  id  the  panel  stulate.  VVheteus  the  |tulr- 
tiiethatie  applied  dim  tl\  in  sandblasted  steel 
lilisteted  estensiveh.  tliete  is  mih  slight  blistci 
ili^  met  the  wash-primed  sinlnir.  A  sittiilat 
muling  srstein  was  applied  in  the  panel  on  tin 
lower  tight  (tl).  The  stniaie  was  pu  pated  (in 
coaling  In  rpi.iring  inulien  uhmiimtm  meial 
mei  siltldlil.isleil  steel.  Hits  pi i hiss  pi nv ideal 
.i  lough.  gl.mall.u  still. tie  whiih.  unlike  steel, 
was  semi-nnhle.  Allet  III  months'  imineisinu 
in  watet.  no  impaiiineni  nl  the  muting  of  am 
iialme  was  in  cridniie.  and  il  was  appaienth 
as  sound  as  lielnie  immersion.  Slight  mrg- 
ul. nines  wliiali  ate  sisihle  on  the  mating  sin- 
fai  e  wete  present  at  the  stall. 

SOLVENTS  AND  FILM  THICKNESSES 

Seiies  o|  impigmemed  pnlr  methanes  wen 
applieal  to  steel  punch  with  la  lo  20  pill,  ginuml 
Sill  fill  IS.  llie  India  a\t  I  ( ailiijH  Hiellt  was  pnlr 
estei.  and  the  \I.OOII  i.itio  was  O.tiT  in  all 
i.isi  s.  Films  wete  applietl  at  two  llm  knessa  s 
horn  ear  Ii  ol  Into  soluitl  ss stems.  In  Fig.  I. 
the  panels  \,  II.  1 1.  and  I)  weie  mated  at  l.ti 
*  0.1  mil  dm  k nesses,  and  the  panels  K,  I',  <•. 
and  II  wete  mated  at  l  .ti  *.  0. 1  mil  The  solvents 
hum  with  It  the  films  wete  applied  ate  shown  ni 
I'able  2a.  In  Cable  2b.  the  panels  ate  luted 
.Kiiiiiling  lo  the  AS  I  M  I'Ik itngiaph  Keleieme 
Stamlatds  hat  hlistet ing  and  lot  tesist.tiiie  in 
insting  (Irpr  II  ntstiitg;  i list  with  hltsteisi 
llie  t-s ablution  was  made  allet  tin-  senes  had 
hern  immeisid  in  walei  at  7.VT  lot  <HI  d.n  s 
Rusting  is  i, iied  I  loin  n  hn  loi.d  lailttte  to  So 

10  lot  1  la  a  Itlsttllg. 

Social  mleiesiiiig  ol isei rations  tan  lie  made 
with  tes|ie«t  to  the  a  oal  mgs  a  a!  this  senes.  Inst, 
lusting  ol  the  steel  lietteuth  a  mating  was  alw.no 
,o  a  a  il 1 1 1  a.i 1 1 ii-a I  hr  hlisicimgo!  llia  a  Mating,  howcrri. 
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Tabu.  2a 

.Solvent  Systems  Used  in  Coating  the  Panels  of  Fig.  4 
with  Polyurethanes 


Panels 

Solvent  (volume-percent) 

Kthyl 

Acetate 

CrlltMolvr 

Aeetate 

Butyl 

Acetate 

Toluene 

2-Nitropropane 

A  and  E 

25 

25 

25 

25 

F  and  F 

IS 

62 

25 

C  and  C 

25 

25 

25 

25 

1)  and  II 

IS 

12 

75 

I  abijc  2h 

The  Klfet  ts  of  Solvents  and  Coating  Thickness 
Upon  the  Water-Immersion  Performance  of  a 
Polyiirethane  Coating 


Pane! 

Designation 

Film 

Thickness 
( til.  1  mil) 

Blister 

Rating 

Resistance- 

til- Rusting 
Rating 

A 

1.0 

No.  8  m  il. 

No.  2 

B 

1.0 

No.  8  r. 

No.  6 

<: 

1.0 

No.  6  nt. 

No.  6 

D 

1.0 

No.  0  m. 

No  8 

F 

1.6 

No.  8  d. 

0 

,F 

16 

No.  8  m.d. 

No  S 

t; 

1.6 

No.  6  m.d. 

N.i  ? 

ll 

16 

No.  t>  m.d. 

Nc  l.t  | 

Ntil  NH'tiKI  M1*l 


inf*  ol  (In-  hi, Him;  was  nut  always  accent! 
pained  In  visible  iiiMiitg.  Kvidcuc c  ol  this  is 
death  seen  « mi  (wiiels  l>  and  II,  on  wine  h  i hi* 
coatings  .in-  blisieted,  Ini!  sen  lit  I  If  lusting  is 
visible.  Second.  as  tin-  l Im  kurw  nl  the  coaling 
,i|i|ilifd  I  Mini  tslei-amtnulii  solvents  im  leased, 
die  amount  nl  Miltseijiieni  corrosioii  on  tin1  steel 
siiil.nc  increased  (totupaic*  panels  A  and  I'., 
II  and  I1').  However,  die  im  lease  ol  tliii  kness 
ol  the  routings  applied  limn  solvents  containing 
2-ninopropane  caused  a  i onesjxmding  decrease 
in  subsurface  collusion  (compare  |iands  (I  and 
1)  and  II).  Third,  the  sulwtitution  of  2- 
niliopropane  for  butyl  acetate  (volume  for 
voUittu*  in  the  cellosolve  ac  etate,  ethyl  acetate, 
and  toluene  system)  caused  a  dramatic  reduction 
in  da*  extent  of  corrosion  under  the  resulting 
coatings  (compare  panels  A  and  C,  K  and  (i). 
This  efl'ect  was  not  general,  however,  and  also 
de|x>ncled  upin  the  nature  of  the  jiolyesiet  used 
to  produce  the  |H>lyuiethane, 

URETHANE  PRIMER  PIGMENTATION 

A  (Ngmented  |>oly  urethane  system  of  the 
polyester- 1  y|K*  was  formulated  with  a  set  of 
differing  primer  pigments,  The  coatings  over 
the  primer  were  identical  in  all  cases,  and  the* 
systems  were*  applied  to  sandblasted,  wash- 
pi  imed  steel  panels,  flic*  primers  were  formu¬ 
lated  from  cori'cision-iiihibitive  pigments  and 
extenders,  except  hit  the  control,  which  con¬ 
tained  no  inhihitivc  pigmem.  The  primers 
were  polyesfei-ty|M*  polyurethanes,  iormulated 
with  a  pigment  volume  of  35%,  of  which  60% 
was  entrmiim-uihibitivc  pigment  and  40% 
was  extender.  Figure-  5  shows  the  conditions 
ol  the  coalings  aftei  Iti  weeks'  immersion  in 
water,  and  die  systems  are  identified  and  rated 
in  TahleS. 

One-  deduction  which  can  Im*  drawn  from  these 
data  is  that  coiiosiun-iiihibitive  pigments  ol 
the  t  Inornate  Ivjh*  are  not  optimum  lot  the  jxilv- 
uielhaite  coating.  Hie  blistc-i  concent  tat  tons 
on  panels  with  /ini  and  sttemtimn  chromates 
wete  gteatet  than  those  «m  the  conttol  panels. 
However,  a  delittile  ledttciioti  in  blistering 
lendelMV  tesiilteil  hum  the  use  of  the  basic 
lead  silieoe  inornate-bat  mm  iiict.ilNirale  pig 
ntetit  svstem.  When  the  same  system  was  applied 


ZINC  STRONTIUM  BASIC 

CHROMATL  CHROMATE  PIGMENTS 


Ki||  ft  -  I  lie  t’llt  i  Is  nl  |itiiw‘l  ii|»in 

lut'llt.iiir  |M-i  It  >1  in.mi  t- 

to  sc  mu*  eold-rolled  steel  panels,  a  lew,  rel¬ 
atively  large  blisters  deve|o|ied,  and  the  Itcjitid 
within  the  blisters  was  distinctly  alkaline  (pH  -  8). 
When  the  lops  of  the  blisters  were  removed, 
a  small  blemish  of  onlv  alMiut  1%  of  the  total 
blister  area  was  loitiid  near  the  central  jioitii 
ol  eac  h,  and  each  blister  had  develc>|K*d  in  suc  h 
a  manner  that  the  primer  was  laterally  bisected 
Part  of  the  primer  slaved  on  the  steel,  and  pail 
of  it  adhered  to  the  covering  coals.  In  some 
cases  the  blemish  cm  the*  remaining  primri 
was  accompanied  hv  corrosion  of  the  stecTim- 
rnediaielv  beneath  it.  and  in  other  cases  die 
metal  was  In  ight  Iteiieath  the  blemish. 

ISOCYANATE-HYDROXYL  RATIO  OF  THE 
PRIMER  VEHICLE 

A  series  u|  pigmented  coalings  ol the  |>oIyestc*r- 
Mietliane  Ivpe  were  applied  to  sandblasted, 
wash-primed  steel  panels.  'Hit*  urethane  piimei 
coatings  contained  /im  eliminate  and  were 
bn  initiated  so  that  the  isoc  yanate7h\dmxvl 
ratio  increased  limn  mating  to  coating.  The* 
coveting  coats  wete  the  same  in  all  cases.  In 
fable  I,  the  blistri  ratings  are  talinlated  loc 
the  coatings  altet  Iti  weeks'  inunei sion  in  watet 
at  7r»“K. 

At  the  <t.X  \(  ()t  >1 1  ralMi.largehlistf  is  develop¬ 
ed,  *'tiitc>  which  tbeie  were  usttallv  small  ate.es 
ol  steel  loimsuiti.  At  the  1.(1  latio,  theie  weir 
Ic'wet  hlisieis  nl  mute  utiiloiitt  si/es.  As  the 
i alio  exceeded  the  slnu  liunmii it  value,  the 
blisters  lieianie  caned  in  st/e  with  a  high  nm- 
<  rut t .it  ii  >i i  nl  small  Misters,  sc  attend  among 
lewrt  laige  ones  Cutlet  these  lilisteis.  the  steel 
siii  (aie  aieas  wen  extensive  h  «m  ti«lc d. 
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I  Wtl  I  i 

1  hr  I'.lln Is  ol  'lelliaiie  I'linu'i  I'iipne  nlalimi 
iijmim  VV.Hri  IlinilelMmi  I’ri Ini m. mi r 


I'atiel 

Designation 

I'nmei  Pigmentalum 

lilisH  i  k.iuuji 

j  Hi  uirks  ituiurt \i«»tit 

1  (imilinl) 

1  il.iiiiiiiu  dioxide,  ii i in  oxide, 
l.ili .  mil  a 

N'n.  8  and  2,  1. 

.1 

/im  i  hi  ornate- tali 

\ii.  0  ami  2.  in. 

K 

Slumlitim  i  hioinale.  iron  oxide, 
l.ili .  iiiii  a 

Xu.  1.  il. 

1. 

!«*.«<  1  siliuH  Inoni.iir  lMi  inm 
iihmInii .(ic-iivm  ovule- jim  ,i 

Xu.  Ml 

Tabi*  ( 

Tin*  Eli'erix  nl  the  I'nmcr  Velnelc 
Isoeyanatc/Hydioxyl  Ratio  1  ‘ pi >n  W.iiri 
liiiiiii'isinii  IVt  tin  m.iiii i- 


N<  .0/011 

lllisiei  K.icinyi  (Hi  weeks'  mmieisimi; 

waiet  leui|iei aline  7 V’l* ) 

(I.K 

20,  in. 

1.0 

1.  1.  in  m. 

II 

18.  1.  . . .  !l.  il. 

1.2 

m;  0.  d. 

STRUCTURE  AND  FUNCTIONALITY  OF 
THE  HYDROXYL  COMPONENT 

Panels  weir  piepared  with  iiiipi^>im*iiii'<l  polv- 
urelhaur  lo.ilili^s  ill  ihr  two  iiiunI  |ii i  n .ili-nt 
ly|M*K —  ami  castor  oil.  Two  series  nl 

each  I > |M-  hydinxyl  IHIII |H mini  wen-  piepated 
using  the  inluetie  diisocy.inale-uitnelhvlolpro- 
|iiinr  .iildiiil,  ami  llir  NC.O/OII  i.iiio  was  I  I 
ill  all  eases ,  ()|  each  liydioxyl  lv|ie,  a  |iol\- 
urethane  of  liif'lter  lutic  lioii.ililv  anil  one  nl 
lower  film  limialily  were  produtt-d.  Coalings 
1.0  mil  tliiik  were  a|i|ilie<l  in  ground  steel  |unrk. 
and  the  |iancls  were  immersed  in  water  ai  7.VF 
lor  (i  inontlis  brlorr  evalnalion.  I  lie  panel' 
are  illusiraled  in  Fiy>.  ti  and  dew  tilted  in  I  able  a. 

Two  results  ate  niosl  outstanding  will)  i espet i 
to  this  sc  lies.  First,  legaulless  nl  the  Indmxvl 
<niii|tnueul,  bet  let  |)inlei  lion  lot  l lie  steel  was 
provided  hy  the  inaieiial  nl  Inwei  iiinilionalils. 
l  ilts  is  |>arlHiilatly  evident  in  the  |<olvewn  senes 


I  I'  It"'  I'lli'il  "I  Imltnwl  1 1  III  ■  |H  Hir  MI  s.  t  n<  Inn-  .mil 
limi  (mmi.iIiIi  ii|»"i  |ii>Kiiii'th.iMe  mmiiiMim  [x  n  Im  iimik  r 

and  <  .in  he  tltaih  seen  )>\  i  iiiii|i.n  isnti  nl  (lanels 
M  and  Nol  Fig.  ti.  Second.  lliccitalings  |itepated 
limn  i.isloi  nil  |ilo\ided  hellei  steel  pliilctlinu 
than  1 1  tosi  *  jiii|i, ned  limn  the  poly  esters.  A 
loinpanson  nl  panels  N  and  O  reveals  that  the 
i.isini  nil  iii.iting  nl  Oil  mmihei  27.’>  was  at 
least  ei|ni\alent  to  the  polyestet  iii.iiiiig  nl  Oil 
nnnther  '210.  File  mating  mi  panel  I*.  prepared 
from  speiially  dried  lasim  nil  of  low  t  tine  lion  - 
.elite .  exhibited  the  best  overall  peilormame  of 
am  methane  which  has  completed  a  lull  li  iiiimllis’ 
immersion. 


SUMMARY  OF  EXPERIMENTAL 
OBSERVATIONS 

When  a  |mluiieiliaiie  mating  is  applied  in 
steel  and  the  resulting  svxlem  is  immetsed  in 
water,  thete  is  a  peixisuiti  temlenn  Im  hlisiets 
loliniii  within  the  in  ning.  Oetiei.ilK  tin  blisters 
ate  mill'll.  liipml-hlled  heinisplieies  whiili  .tie 


XKI  N 1  HI|S  | 


Tabu  5 

Tin*  I1', (let  Is  ul  llvthoxvl  Cotii|xwitMl  Stmt  litre  am!  Finn  tionalin  I 
Immersion  I’i'i  I(ii  iii,iiiu'  iti  I'olv  methane  Coatings 


I’aiit'l 

Uesigtiaitnti 

ty|»' Oil  ( aHiipotuiit 

Blislei 

R.iling 

Rust 

Kesislitme 

Rating 

M 

polyester;  OH  Nmnix’r  280 

No.  1,  tl. 

No.  1 

N 

(HilyosU'i;  Oil  Nnnilier2IO 

No.  (1,  tn.tl. 

No.  8 

(> 

easttn  oil;  Oil  ntinilx'l  275 

No.  it,  itr.il. 

No.  8 

1* 

tasim  oil  (vrrv  tli  v ( >11 
mmilttT  105 

No.  H.  1. 

No.  10 

IHki.iIK  m;ii Kit'd  .it  intlividu.il  silt'!,  ovet  the 
routing.  Any  of  a  iiiiiuIkt  til  variables  will  allot  I 
blister  densities,  blister  sizes,  and/or  die  extents 
of  steel  lusting  tinder  the  films. 

THEORY  AND  DISCUSSION 

Sintr  polyurethane  matings  on  stool  have 
exhibited  silt  li  a  persistent  lontlom  v  to  blisior 
in  waior  immersion,  it  would  a)>|x-ui  dial  tlicrr 
is  soino  iulioroni  t  liaiatiorislit  to  bo  ovortomo 
il  tlio  blistotiiig  is  to  bo  avoitlttl.  Two  |n>ssi- 
bilitios  art'  suggested  wfiit  It  take  into  art  tnint 
liasit  in  t*i  Ii.iik’  t  liai.it  lot  islits  and  may  an  on  in 
lot  lilt*  hlisifiing  phenomena. 

I.  I  lint'  air  iniuiiio  eniiapiuetiis  ol  tailmn 
dioxide  wit  (tin  |x»lyinodiano  films.  Simo  i.iiIhmi 
dioxide  is  a  solublo  gas  wbitli  piodmcs  a  woakb 
atitlit  solution,  a  von  liny  fitli.ipiiieiit  ni.it 
tlio  stool  sin  laic  should  j >i < it  1 1 it t-  a  “vvoak"  sito 
within  a  |xilvmelhaiie  mating.  As  water  |h*i 
tnoalos  a  filnt  anti  dissolves  tlio  gas  within  an 
oiiiia|>nioiii,  a  siiu.iiion  ol  iniinsive  and  osmotit 
| inlolili.il  develops. 

Sevot.tl  obsotvalions  limn  tlio  data  presented 
mav  in-  talionali/otl  with  the  assumption  of 
blistot  iniii.iiioti  sitos  ftllotl  vvtlft  t  .it f k m  tlioMile. 
f  ile  lolativo  iisistamo  to  blistering  ol  matings 
itt  hot  walei  mav  lesnlt  limn  a  softonntg  ol  tin 
films  anti  niitwaid  thflttstmi  of  etitiap|N’d  tailmu 
dtosido.  Iilllcieiil  tonosHin  n-ststtvittes  ol  vat 
ions  sloel  sulfates  In  all.it  k  hv  vveaklv  at  It  I  it 
solutions  mav  explain  the  dtfleient  hhsiei  tend 
ettnes  hi  tlio  sttif.ut  si i o f u  s,  suin'  die  wash 
pi  mud  end  iml.illi/od  sur  lares  weto  pannul.tilv 
it  ststatn  I iu  teased  sin  I  tmioston  mnlet  dm  ket 
films  applied  hmtt  eslet  atmtuin  solvents  mav 


teflott  pout  solvent  and  t .niton  dioxide  tole.tse. 
Derreased  steel  toitosion  tintler  t hit  ket  films 
Itotii  nil  i  and  solvents  mav  testtlt  In  mi  good 
solvent  .mil  tat  bon  dioxide  telease.  lottihined 
with  tin  mipioveil  pioiet  lion  of  a  mole  inherent 
film  (7t.  liasit  ptimot  pigments,  vvliit  li  shield 
tin  steel  siiilaie  with  an  alkaline  lavei.  pinbahlv 
"st  avenge  i.tdion  thus  tilt.  In  addition  to  the 
nt'iili.ili/.ilioii  ol  am  t.oltmiif  atitlhv  the  alkaline 
tiieilioin.  the  lead  and  h.niimi  present  in  the  moist 
pliluel  should  keep  lilt  i.iiltonalr  ion  toon  it 
li.ilimi  a'  a  low  level.  Ibis  at  lion  mav  explain 
the  si 1 1 tel loi  petloinianie  ol  liasit  le.nl  sth 
t  ot  III oill.tt t'. ha)  null  llietalioi.ile  tel.llive  to  the 
iniiihiliiig  pigments  ami  the  men  toniiol  pig 
iiioiiis.  i  ho  tol.iiivolv  pom  poilounamt  ol  die 
sligliilv  solublo  inhibiting  pigments  ptnhahh  to 
snliotl  Itotii  thoii  im  toast'd  osmotit  polotilials. 
As  tin-  ism  van, ilt  hvtlioxvl  t.ilto  oxtoedotl  I  I. 
the  Itlistoi  tlonsilt  iitf  I t'.isetl.  .tint  tlio  plob 
ahilitv  that  tailmii  tlioxitlo  vvas  oitnappttl  m 
the  him  also  hit  teased,  siino  the  extoss  iso 
(tali. ilt  li.nl  to  dissipate  hv  .  t.nhoii  dioxide 
piotlnt  tug  teatlion.  Pohestei  toiupmioiils  ol 
biwet  him  timi.iliiv  iot|iinod  loss  isotv.inato 
lot  t tosslinkitig  ill. in  those  of  higlioi  him 
I  ll  II  l.llll  V .  .ttld  mllsoi|llolltlv  ,  lilt’  |Mllollllll  |ol 
t  .il  loin  tlioxnh  ollttapniont  was  lower  at  am 
SCO (HI  i.tlmol  I  1  oi  lower.  Hnallv  .  the  dr  v 
lowei  tom  Initial  tasim  oil  piotjined  a  IJoit-i 
lisisiaiil  film  In  dm  last  ,  ihet.itlmn  ihosuli 
piodming  suit  itaiiiotis  slimthl  have  ottuiieil 
to, i  n  1 1 1 1 11 1 1,  ( 1 1  xteiu. 

I  lit  iialine  ot  (In  ttutlei  hiistt  t  an  as  of  pig 
HleMtetl  polt  tot  lb, too  til.. is  mav  also  t>i  i  lit  it 
in  siippmi  oj  da  laihou  iliiisnii  eiittapuif  ul 
llieoiv  N  lilMt  i  is  f  tet|Melillv  ail  ait  a  ot  Hilt  t 
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iii.ii  iltl.iiiiin.ilH in.  willi  iln  1 1 1 1 1 1 it)  mi, hi.  whuh 
i  nlll. Illl\  .1  lili'ii  in  lrv.illltl.il  hlfllllsll  I  Ills 
lilrlinsli  liinsl  | )l t ili.il ils  minis  ,|S  ,1  Irsllll  ill 
ihniui.il  .ilium,  .mil  l lie  steel  stiltsli.ili  I ielle.ll 1 1 
It  is  lint  a  hi, tvs  i  listed  I  In-  liinsl  likeh  i  lll'tllli  III 
"lint  split  ss  it  Inti  .i  nielli. ilie  tualiug  sliitlllil 
he  ,i  (.ilium  ilinside  tilled  liuiiliic.  Sin  h  .i  site 
proh.dth  nun. ills  the  hlisiri,  leeils  ic.iiliim 
pn ii esses  iiu  hiding  niimsiiiii,  ,mtl  helps  1 1 nt i .it e 
osniulii  giuuthol  lilisin  diameters. 

il.  Ilie  uielli.ine  giinip  i.  lusii.ilh  lit  ill  nphilli . 
In  a  sense  it  is  an  i  slel-.iliiide.  .(ltd  .is  sin  It, 
niiistilules  a  eenlei  ul  eleiliii.il  (Hilmilt  Must 
matings  .tie  piiidiued  ronl, lining  A1  sithslituied 
i.irh.niiiite  islets  n|  the  following  type: 

() 

II 

r  -mi  <;-<>-  k' 

tshete  R  is  .iminatii  when  ,i  tnliiene  iliism  tail. lie 
tleiivaiivr  is  employed.  and  K1  is  neat  It  alw.es 
.  iliphat  ii.  In  r.ilile  (i  smile  solubilities  in  vs  .del 
at  la. .■>"(,  ate  etmip.ucd  Im  various  simple  in 
thanes. 


1  tin  i  li 

Solubilities  in  Wain  ol  Vat  ions  I'lelh.ines  (8) 


VSiihstiint'iii 

Ik. 

O-Siihsmiieill 

(K'l 

Sol.  ill  Wain 
tg,  loti  ml  at  I'i.VCi 

Metlnl 

hthvl 

it  1.7 

Kilts  1 

Kdivf 

tiS.51 

I'mpsl 

Idol 

11.8 

IMiciiil 

Kilts  1 

\**r\  \  soltiMc 

Alt  hi  mt>h  the  urethane  group  latiimt  eat  t  v 
the  V  pheiitl  giimp  min  water  solution,  it  oh- 
tiotislt  has  a  ptiiiumui ed  tetidemt  to  do  so. 
It  is  prohahle  that  the  hetlei  water  immersion 
pel  h"  in. line  ol  methane  (unlinks  ol  lower 
liinilionalitt  i estilt s  in  pan  horn  the  dei  teased 
i  ■  tin  cut  t  .it  ii  >n  ol  methane  linkages  within  the 
lilitis 

Ilie  ladial  giuwth  ol  a  blister,  aftci  initiation, 
is  letlaiuh  a  dillusion  pi  mess  and  is  piohahlt 
a  siiaighlloi  vi.od  osmosis,  lilt  hlislcis  .lie 
Idled  with  natei  nutlet  ptessiue,  and  lieiptellllt 
diet  ai  tse  nut  ol  a  film  dial  adhcies  tightly  aionntl 
the  |M'i  i  pin  ■  1 1 .  ( lot  losiou-itihihiting  piiniers, 
sui  1 1  as  /  i  in  iliioiuale,  pi  ml  me  soli  Hums  within 


the  lilisleii.  and  the  liipnil  leinmi  il  lioin  sin  h 
a  liltsti  i  is  ilistint lit  mimed  I  Ills,  ol  luntsi 
pi  olliotes  oslliosls 

lii  siiiiiin.il  t .  ii  is  In  In  veil  that  uielh.i'u  iii.iimgs 
hate  an  iiilicietn  alltntlt  lot  ttalet,  llial  tint 
.lie  I  all  lltetlllil. IIII'S  lot  osmosis,  that  tint  mill, till 
hlisiri  ttiiii.tlion  sites  tthnli  ate  piohahlt  small 
Inihltles  o|  i  at  I miii  tlitivide,  atttl  lll.il  latli.il  hlisiri 
giowtli  (Minis  lit  ait  osmiMii  ptiMc.s  altn  m 
ill.llion 

SUMMARY 

t  he  lii  si  uielliiiiie  lank  linings  ol  tin  pnheslrt 
upe  in  lie  insialled  m  slime  laiililies  ol  die 
Slavs  tteie  plated  into  smite  m  Ik, Ml,  In 
spile  nl  some  blistering  m  the  Itotnmi  areas, 
die  linings  have  remained  serviceable,  and  inain- 
lenaiuc  peiMimiel  hate  expiessed  .svil isl.u nun 
with  overall  |iertiirin;uire.  The  blisters  are 
iniigli  anil  icsisl  rupture.  Under  most  of  lliein. 
(oirosioo  ol  die  steel  substrate  is  of  little  uinse 
ipieiu  e  ami  the  tot  rosion  prodnt  Is  do  not  est  ape 
to  pose  a  Inel-t  oniamioalion  prohlein.  However, 
this  di  leii  in  stii  li  a  pi  utilising  t\jie  ol  tank 
lining  material  shmiltl  Ik*  eliminated.  Ilie 
solution  o|  this  pnihlem  is  the  siihjiM  nl  ion- 
tinning  rcseaiih,  and  at  pit  sent  work  is  in  ping- 
test,  lused  ii|miii  the  know  ledge  ami  themies 
esptessid,  to  lunmtl.ite  loalings  ttliiih  will 
pt event ,  ui  greatly  teiliue,  the  hlistei  loinia- 
liim.  The  otitmnie  of  these  ex|HTitnrnls  will 
Im' tlesi  t  illed  in  luiore  re|u>Ms. 
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